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(57) ABSTRACT 

A composition for intracellular delivery of a chemical agent 
into an interleukin-2-receptor-bearing cell, eg an activated 
T cell, includes a chemical agent and at least one copy of an 
interleukin-2-receptor-binding and endocytosis-inducing 
ligand coupled to a Water soluble polymer. The ligand binds 
to a receptor on the interleukin-2-receptor-bearing cell and 
elicits endocytosis of the composition. The composition also 
preferably includes a spacer for coupling the chemical agent 
and the ligand to the polymer. Chemical agents can include 
cytotoxins, transforming nucleic acids, gene regulators, 
labels, antigens, drugs, and the like. A preferred Water 
soluble polymer is a polyalkylene oxide, such as polyethlene 
glycol and polyethylene oxide, and activated derivatives 
thereof. The composition can further comprise a carrier such 
as another Water soluble polymer, liposome, or particulate. 
Methods of using these compositions for delivering a chemi 
cal agent in vivo or in vitro are also disclosed. A method of 
detecting a disease, such as T-cell lymphocytic leukemia, 
T-cell acute lymphoblastic leukemia, peripheral T-cell 
lymphoma, Hodgkin’s disease, or non-Hodgkin’s 
lymphoma, associated With elevated levels of soluble IL-2 
receptor is also disclosed. 
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CONJUGATES TARGETED TO THE 
INTERLEUKIN-2 RECEPTOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of application 
Ser. No. 08/914,042, ?led Aug. 5, 1997, noW abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to delivery of chemical agents to 
cells. More particularly, this invention relates to composi 
tions and methods for intracellular delivery of chemical 
agents to a speci?c cell type, ie cells bearing the 
interleukin-2 (IL-2) receptor. 

Toxins that target cell surface receptors or antigens on 
tumor cells have attracted considerable attention for treat 
ment of cancer. E.g., I. Pastan & D. FitZGerald, Recombi 
nant Toxins for Cancer Treatment, 254 Science 1173 (1991); 
Anderson et al., US. Pat. Nos. 5,169,933 and 5,135,736; 
Thorpe et al., US. Pat. No. 5,165,923; Jansen et al., US. Pat. 
No. 4,906,469; Frankel, US. Pat. No. 4,962,188; Uhr et al., 
US. Pat. No. 4,792,447; Masuho et al., US. Pat. Nos. 
4,450,154 and 4,350,626. These agents include a cell 
targeting moiety, such as a groWth factor or an antigen 
binding protein, linked to a plant or bacterial toxin. They kill 
cells by mechanisms different from conventional 
chemotherapy, thus potentially reducing or eliminating cross 
resistance to conventional chemotherapeutic agents. 

Copending US. patent application Ser. No. 08/305,770, 
?led Sep. 13, 1994, describes compositions and methods for 
speci?c intracellular delivery of a chemical agent into a 
CR2-receptor-bearing cell, e.g. B lymphocytes. The com 
positions comprise a CR2-receptor-binding and 
endocytosis-inducing ligand (CBEL) coupled to the chemi 
cal agent. The CBEL binds to the CR2 receptor on the 
surface of B lymphocytes and elicits endocytosis of the 
composition such that the composition is transported to 
lysosomes. In the lysosomes, the chemical agent is prefer 
ably separated from the remainder of the composition such 
that the chemical agent can be transported or diffuse into the 
cytoplasm or nucleus. Optionally, the composition can 
include a spacer, Which can be either biodegradable (in the 
lysosome) or non- biodegradable, for coupling the CBEL to 
the chemical agent. Chemical agents can include cytotoxins, 
transforming nucleic acids, gene regulators, labels, antigens, 
drugs, and the like. The composition can further comprise a 
carrier such as another Water soluble polymer, liposome, or 
particulate. 

Copending US. patent applications Ser. No. 08/616,693, 
?led Mar. 15, 1996, noW abandoned, and Ser. No. 08/857, 
009, noW abandoned, ?led May 15, 1997, describe compo 
sitions and methods for speci?c intracellular delivery of a 
chemical agent into T lymphocytes. The compositions are 
represented by the formula [L—S]a—C—[S—A]b Wherein 
L is a ligand con?gured for binding to a receptor on a T 
lymphocyte and stimulating receptor-mediated endocytosis 
of the composition, A is a chemical agent, S is a spacer 
moiety, C is a Water soluble polymer having functional 
groups compatible With forming covalent bonds With the 
ligand, chemical agent, and spacer, and a and b are positive 
integers. These compositions are also designed to be trans 
ported to lysosomes, Where the chemical agent is separated 
from the remainder of the composition for diffusion or 
transport to other locations in the cell. Preferred Water 
soluble polymers include poly(ethylene glycol) and a 
copolymer of N-(2-hydroxypropyl)methacrylamide 
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2 
(HPMA). Preferred chemical agents include cytotoxins, 
transforming nucleic acids, gene regulators, labels, antigens, 
drugs, and the like. The composition can further comprise a 
carrier such as other Water soluble polymers, liposomes, or 
particulates. 

It Would also be advantageous to develop additional 
compositions that are speci?cally targeted to other receptors 
on T lymphocytes. For example, targeting of T lymphocytes 
Would enable therapeutic applications for T-cell-associated 
diseases and tissue graft rejection. Such T-cell-associated 
diseases include arthritis, T-cell lymphoma, skin cancers, 
psoriasis, multiple sclerosis, Type II diabetes mellitus, and 
diseases resulting from HIV infection. 

In vieW of the foregoing, it Will be appreciated that 
compositions for intracellular delivery of chemical agents to 
T cells and methods of use thereof Would be signi?cant 
advancements in the art. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to provide com 
positions for intracellular delivery of selected chemical 
agents to a speci?c cell type, ie IL-2-receptor-bearing cells. 

It is also an object of the invention to provide methods of 
making and methods of using compositions for delivery of 
selected chemical agents into IL-2-receptor-bearing cells. 

It is another object of the invention to provide composi 
tions and methods for delivering selected chemical agents 
into IL2-receptor-bearing cells using Water soluble polymers 
that are inexpensive, FDA-approved, and resistant to devel 
opment of an antibody response. 

It is yet another object of the invention to provide com 
positions and methods of use thereof for delivery of selected 
chemical agents into activated T cells. 

It is still another object of the invention to providing 
compositions and methods of use thereof for detecting a 
disease associated With elevated levels of soluble IL-2 
receptor in body ?uids, such as serum. 

These and other objects are achieved by providing a 
composition for delivery of a chemical agent into an IL-2 
receptor bearing cell, the composition comprising (a) a 
Water-soluble, biocompatible polymer, (b) the chemical 
agent covalently, releasably coupled to the polymer, and (c) 
a ligand comprising an IL-2-receptor-binding peptide 
covalently coupled to the polymer. 

In a preferred embodiment of the invention, the compo 
sition has a formula selected from the group consisting of 
P—[Ta—L—S—A]C and [A—S]d—P—[Ta—L]C, Wherein 
L is the ligand; Ais the chemical agent; S and T are spacers, 
Wherein at least S is biodegradable and S and T can be the 
same or different; P is the Water soluble polymer having 
functional groups compatible With forming covalent bonds 
With the ligand; a is 0 or 1; and c and d are integers of at least 
1. 

Preferably, P is a polyalkylene oxide. Preferred polyalky 
lene oxides are selected from the group consisting of alpha 
substituted polyalkylene oxide derivatives, polyethylene 
glycol (PEG) homopolymers and derivatives thereof, 
polypropylene glycol homopolymers and derivatives 
thereof, alkyl-capped polyethylene oxides, bis-polyethylene 
oxides, copolymers of poly(alkylene oxides), and block 
copolymers of poly(alkylene oxides) or activated derivatives 
thereof. Preferably, the polyalkylene oxide has a molecular 
Weight of about 200 to about 50,000. More preferably, the 
polyalkylene oxide has a molecular Weight of about 2,000 to 
about 20,000. Most preferably, the polyalkylene oxide has a 
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molecular Weight of about 20,000. Especially preferred 
polyalkylene oxides are polyethylene glycol and polyethyl 
ene oxide. 

The IL-2-receptor-binding peptide is preferably a member 
selected from the group consisting of SEQ ID NO:1 and 
biologically functional equivalents thereof. More preferably, 
the IL-2-receptor-binding peptide is a member selected from 
the group consisting of SEQ ID NO: 1 through SEQ ID NO: 
11, and SEQ ID NO:24 through SEQ ID NO:47. 
The chemical agent is preferably selected from the group 

consisting of cytotoxins, transforming nucleic acids, gene 
regulators, labels, antigens, and drugs. 

Preferably, the spacer comprises a peptide. A preferred 
peptide spacer comprises Gly-Phe-Leu-Gly (SEQ ID 
NO:21). 

In one preferred embodiment, the composition further 
comprises a carrier selected from the group consisting of 
other Water soluble polymers, liposomes, and particulates. 
Preferably, such Water soluble polymers are selected from 
the group consisting of dextran, inulin, poly(L-lysine) With 
modi?ed epsilon amino groups, poly(L-glutamic acid), and 
N-substituted methacrylamide-containing polymers and 
copolymers. 
A method of delivering a chemical agent in vitro into an 

IL-2-receptor-bearing cell in a population of cells comprises 
the steps of: 

(a) providing a composition comprising a Water 
soluble, biocompatible polymer, (ii) the chemical agent 
covalently, releasably coupled to the polymer, and (iii) 
a ligand comprising an IL-2-receptor-binding peptide 
covalently coupled to the polymer; and 

(b) contacting the population of cells With an effective 
amount of the composition under conditions Wherein 
the ligand binds to an IL-2 receptor on the IL-2 
receptor-bearing cell and elicits endocytosis of the 
composition. 

A method of delivering a chemical agent into an IL-2 
receptor-bearing cell in a Warm-blooded animal, comprises 
the steps of: 

(a) providing a composition comprising a Water 
soluble, biocompatible polymer, (ii) the chemical agent 
covalently, releasably coupled to the polymer, and (iii) 
a ligand comprising an IL-2-receptor-binding peptide 
covalently coupled to the polymer; and 

(b) systemically administering to the Warm-blooded ani 
mal an effective amount of the composition under 
conditions Wherein the ligand contacts and binds to an 
IL-2 receptor on the IL-2-receptor-bearing cell and 
elicits endocytosis of the composition. 

Another aspect of the invention relates to a composition 
comprising a peptide selected from the group consisting of 
SEQ ID NO:2 through SEQ ID NO: 11 and SEQ ID NO:22 
through SEQ ID NO:47 and amides thereof. 
Amethod for detecting a disease associated With elevated 

levels of soluble interleukin-2 receptor in circulation com 
prises the steps of: 

(a) providing a composition comprising an IL-2-receptor 
binding peptide; 

(b) mixing the composition With a body ?uid to be tested 
under conditions suitable for binding of the composi 
tion to said soluble interleukin-2 receptor in the body 
?uid to form a complex; and 

(c) detecting the complex and determining Whether the 
complex is present at elevated levels as compared to 
normal individuals. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
Diseases that can be detected according to this method 

include T-cell lymphocytic leukemia, T-cell acute lympho 
blastic leukemia, peripheral T-cell lymphoma, Hodgkin’s 
disease, and non-Hodgkin’s lymphoma. Preferably, the body 
?uid that is tested is serum. Detection of the complex of 
peptide and soluble interleukin-2 receptor preferably com 
prises an enzyme-linked or radio-linked sorbent assay. IL-2 
receptor-binding peptides that are suitable for this process 
include SEQ ID NO: 1 through SEQ ID NO: 11 and SEQ ID 
NO:22 through SEQ ID NO:47 and amides thereof. Espe 
cially preferred peptides are SEQ ID NO:27 and the amide 
thereof. As is Well knoWn in the art, such an amide is 
generally formed by reaction of an acid chloride of the 
peptide With ammonia, resulting in replacement of the -OH 
group of the C-terminal carboxylic acid With -NH2. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. 1 shoWs the in vitro cytotoxic activity of a compo 
sition according to the present invention and control com 
positions against mouse CTIL-2 cells: (III) PEG-TT23-ADR 
(SEQ ID NO:22); (A) PEG-GFLG-ADR (SEQ ID NO:21); 
and (o) unconjugated adriamycin. 

FIG. 2 shoWs the in vitro inhibition of IL-2-induced 
proliferation of murine splenocytes using (III) PEG-TT23 
(SEQ ID NO:22) and (A) unconjugated peptide TT23 (SEQ 
ID NO:22).. 

DETAILED DESCRIPTION 

Before the present compositions and methods for targeted 
delivery into IL-2-receptor-bearing cells are disclosed and 
described, it is to be understood that this invention is not 
limited to the particular embodiments, process steps, and 
materials disclosed herein as such embodiments, process 
steps, and materials may vary someWhat. It is also to be 
understood that the terminology used herein is used for the 
purpose of describing particular embodiments only and is 
not intended to be limiting since the scope of the present 
invention Will be limited only by the appended claims and 
equivalents thereof. 

It must be noted that, as used in this speci?cation and the 
appended claims, the singular forms “a,” “an,” and “the” 
include plural referents unless the context clearly dictates 
otherWise. Thus, for example, reference to a composition 
containing “a ligand” includes reference to tWo or more 
ligands, reference to “a chemical agent” includes reference 
to one or more of such chemical agents that may be the same 
or different chemical agents, and reference to “a spacer” 
includes reference to tWo or more spacers. 

In describing and claiming the present invention, the 
folloWing terminology Will be used in accordance With the 
de?nitions set out beloW. 

As used herein, “peptide” means peptides of any length 
and includes proteins. The terms “polypeptide” and “oli 
gopeptide” are used herein Without any particular intended 
siZe limitation, unless a particular siZe is otherWise stated. 
As used herein, “IL-2-receptor-binding peptide” means a 

peptide con?gured for binding to an IL-2 receptor and 
stimulating internaliZation thereof by receptor-mediated 
endocytosis. According to the present invention, ligands 
comprising such IL-2-receptor-binding peptides are coupled 
to various functional molecules so that upon endocytosis of 
the ligands the various functional molecules coupled thereto 
are also internaliZed by the cells. 

Preferred IL-2-receptor-binding peptides include the pep 
tide having the amino acid sequence identi?ed as SEQ ID 
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NO:1 and biologically functional equivalents thereof. Such 
functional equivalents retain functionality in binding the IL2 
receptor and eliciting receptor-mediated endocytosis 
although they may be truncations, deletion variants, or 
substitution variants of SEQ ID NO:1 or include additional 
amino acid residues attached thereto. It is also preferred that 
the IL-2-receptor-binding peptides have a siZe of about 6—20 
amino acid residues, more preferably about 6—12 amino acid 
residues, and most preferably about 6—8 amino acid resi 
dues. More preferred IL-2 receptor binding peptides include 
SEQ ID N011 through SEQ ID NO:11 and SEQ ID NO:24 
through SEQ ID NO:47. An especially preferred IL-2 recep 
tor binding peptide is SEQ ID NO:27. 
As mentioned above, changes may be made in the struc 

ture of the IL-2 receptor-binding peptide while maintaining 
the desirable receptor-binding characteristics. For example, 
certain amino acid residues may be substituted for other 
amino acid residues in a protein structure Without appre 
ciable loss of interactive binding capacity With structures 
such as, for example, antigen-binding regions of antibodies 
or binding sites of ligands such as an IL-2 receptor-binding 
peptide. Since it is the interactive capacity and nature of a 
protein that de?nes that protein’s biological functional 
activity, certain amino acid sequence substitutions can be 
made in a protein’s amino acid sequence and nevertheless 
obtain a protein With like properties. It is thus contemplated 
that various changes may be made in the sequence of an IL-2 
receptor-binding peptide Without appreciable loss of its 
biological utility or activity. 

It is also Well understood by the skilled artisan that 
inherent in the de?nition of a biologically functional equiva 
lent protein or peptide is the concept that there is a limit to 
the number of changes that may be made Within a de?ned 
portion of the molecule and still result in a molecule With an 
acceptable level of equivalent biological activity. It is also 
Well understood that Where certain residues are shoWn to be 
particularly important to the biological or structural proper 
ties of a protein or peptide, e.g. residues in active sites, such 
residues may not generally be eXchanged. 
Amino acid substitutions are generally based on the 

relative similarity of the amino acid side-chains relative to, 
for example, their hydrophobicity, hydrophilicity, charge, 
siZe, and the like. An analysis of the siZe, shape, and type of 
the amino acid side-chains reveals, for example, that 
arginine, lysine, and histidine are all positively charged 
residues; that alanine, glycine, threonine, and serine are all 
a similar siZe; and that phenylalanine, tryptophan, and 
tyrosine all have a generally similar shape. Therefore, based 
upon these considerations, the folloWing conservative sub 
stitution groups or biologically functional equivalents have 
been de?ned:(a) Cys; (b) Phe, Trp, Tyr; (c) Gln, Glu, Asn, 
Asp; (d) His, Lys, Arg; (e) Ala, Gly, Pro, Ser, Thr; and Met, Ile, Leu, Val. M. Dayhoff et al., Atlas of Protein 

Sequence and Structure (Nat’l Biorned. Res. Found., 
Washington, DC, 1978), hereby incorporated by reference. 

To effect more quantitative changes, the hydropathic 
indeX of amino acids may be considered. Each amino acid 
has been assigned a hydropathic indeX on the basis of its 
hydrophobicity and charge characteristics, Which are as 
folloWs: isoleucine (+4.5); valine (+4.2); leucine (+3.8); 
phenylalanine (+2.8); cysteine (+2.5); rnethionine (+1.9); 
alanine (+1.8); glycine (—0.4); threonine (—0.7); serine 
(—0.8); tryptophan (—0.9); tyrosine (—1.3); proline (—1.6); 
histidine (—3.2); glutarnate (—3.5); glutarnine (—3.5); aspar 
tate (—3.5); asparagine (—3.5); lysine (—3.9); and arginine 
(—4.5). 

The importance of the hydropathic amino acid indeX in 
conferring interactive biological function on a protein is 
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6 
generally understood in the art. J. Kyte & R. Doolittle, A 
simple method for displaying the hydropathic character of a 
protein, 157 J. Mol. Biol. 105—132 (1982), incorporated 
herein by reference. It is knoWn that certain amino acids may 
be substituted for other amino acids having a similar hydro 
pathic indeX or score and still retain a similar biological 
activity. In making changes based on the hydropathic indeX, 
the substitution of amino acids Whose hydropathic indices 
are Within 12 is preferred, Within 11 is particularly preferred, 
and Within 10.5 is even more particularly preferred. 

It is also understood that an amino acid can be substituted 
for another having a similar hydrophilicity value and still 
obtain a biologically equivalent protein. As detailed in US. 
Pat. No. 4,554,101, the folloWing hydrophilicity values have 
been assigned to amino acid residues: arginine (13.0); lysine 
(13.0); aspartate (13.0); glutarnate (+3.011); serine (+0.3); 
asparagine (+0.2); glutarnine (+0.2); glycine (0); threonine 
(—0.4); proline (—0.511); alanine (—0.5); histidine (—0.5); 
cysteine (—1.0); rnethionine (—1.3); valine (—1.5); leucine 
(—1.8); isoleucine (—1.8); tyrosine (—2.3); phenylalanine 
(—2.5); tryptophan (—3.4). 

In making changes based upon sirnilar hydrophilicity 
values, the substitution of amino acids Whose hydrophilicity 
values are Within 12 is preferred, Within 11 is particularly 
preferred, and Within 10.5 is even more particularly pre 
ferred. 

A heXapeptide believed to be a part of IL-2 that binds to 
the IL-2 receptor has been identi?ed (SEQ ID NO: 1), D. A. 
Weigent et al., 139 Biochern. Biophys. Res. Cornrnun. 
367—74 (1986). Moreover, regions of homology betWeen 
this IL-2 heXapeptide and env proteins of irnrnunosuppres 
sive retroviruses have been discovered. D. A. Weigent et al., 
supra; W. E. Reiher III et al., 83 Proc. Nat’lAcad. Sci. USA 
9188—92 (1986). Thus, amino acid substitutions in these 
regions of homology as compared to the IL2 heXapeptide 
may be considered to be biologically functional equivalents. 
Therefore, illustrative biologically functional equivalents of 
SEQ ID NO:1 include SEQ ID NO:2 through SEQ ID NO:6. 
Other illustrative biologically functional equivalents have 
also been discovered, including SEQ ID NO:7 through SEQ 
ID NO:11, and SEQ ID NO:22 through SEQ ID NO:47. 
Additional biologically functional equivalents can be dis 
covered by a person of ordinary skill in the art according to 
the guidance and principles disclosed herein Without undue 
eXperirnentation. For example, the peptides of SEQ ID NO: 
1 through SEQ ID NO:6 are fairly hydrophobic. It has been 
determined that adding selected amino acid residues, such 
glycine and/or threonine, to the amino terminus results in 
improved Water solubility of such peptides While preserving 
activity. 
As used herein, “rnacrornolecule” means a composition 

comprising a Water soluble polymer With a ligand and a 
chemical agent bound thereto. Preferably the polymer is a 
polyalkylene oXide and the ligand is an oligopeptide. The 
chemical agent can be from many different classes of 
molecules, as explained in more detail herein. 

As used herein, “prodrug” means a chemical agent that is 
chemically rnodi?ed to overcome a biological barrier. When 
a chemical agent is converted into its prodrug form, its 
biological activity is eliminated or substantially reduced, but 
the biological barrier that inhibited its effectiveness is no 
longer problematic. The chemical group that is attached to 
the chemical agent to form the prodrug, i.e. the “pro 
moiety”, is removed from the prodrug by enzymatic or 
nonenZyrnatic means to release the active form of the 
chemical agent. See A. Albert, Chernical Aspects of Selec 
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tive Toxicity, 182 Nature 421 (1958). The instant composi 
tions are prodrugs because the chemical agent that has the 
selected effect When internalized in IL-2-receptor-bearing 
cells is modi?ed With a ligand, Water soluble polymer, and, 
optionally, spacers such that the composition is delivered 
into the IL-2-receptor-bearing cells, thus penetrating the cell 
membrane thereof. The biological effect of the chemical 
agent is greatly reduced or eliminated until the composition 
is delivered into the cell and the chemical agent is released 
from the remainder of the composition by biodegradation of 
the spacer. 
As used herein, “chemical agent” means and includes any 

substance that has a selected effect When internaliZed into an 
IL-2-receptor-bearing cell. Certain chemical agents have a 
physiological effect, such as a cytotoxic effect or an effect on 
gene regulation, When internaliZed into the cell. A “trans 
forming nucleic acid” (RNA or DNA), When internaliZed 
into a cell, can be replicated and/or expressed Within the cell. 
Other nucleic acids can interact With regulatory sequences or 
regulatory factors Within the cell to in?uence gene expres 
sion Within the cell in a selected manner. A detectable label 
delivered into cells can permit identi?cation of cells that 
have internaliZed the compositions of the present invention 
by detection of the label. Drugs or pharmacologically active 
compounds can be used to ameliorate pathogenic effects or 
other types of disorders. Particularly useful chemical agents 
include polypeptides, and some such chemical agents are 
active fragments of biologically active proteins, or are 
speci?c antigenic fragments (e.g., epitopes) of antigenic 
proteins. Thus, chemical agents include cytotoxins, gene 
regulators, transforming nucleic acids, labels, antigens, 
drugs, and the like. 
As used herein, “drug” or “pharmacologically active 

agent” means any chemical material or compound suitable 
for intracellular administration in a IL-2 receptor bearing 
cell, eg an activated T lymphocyte, that stimulates a desired 
biological or pharmacological effect in such cell. 
As used herein, “carrier” means Water soluble polymers, 

particulates, or liposomes to Which a composition according 
to the instant invention can be coupled. Such carriers 
increase the molecular siZe of the compositions and may 
provide added selectivity and/or stability. Such selectivity 
arises because carrier-containing compositions are too large 
to enter cells by passive diffusion, and thus are limited to 
entering cells through receptor-mediated endocytosis. The 
potential for use of such carriers for targeted drug delivery 
has been established. See, e.g., J. Kopecek, 5 Biomaterials 
19 (1984); E. Schacht et al., Polysaccharides as Drug 
Carriers, in Controlled-Release Technology 188 (P. I. Lee & 
W. R. Good, eds., 1987); F. HudecZ et al., Carrier design: 
Cytotoxicity and Immunogenicity of Synthetic Branched 
Polypeptides With Poly(L-lysine) Backbone, 19 J. Con 
trolled Release 231 (1992); Z. Brich et al., Preparation and 
Characterization of a Water Soluble Dextran Immunocon 
jugate of Doxorubicin and the Monoclonal Antibody 
(ABL364), 19 J. Controlled Release 245 (1992). Thus, 
illustrative Water soluble polymers include dextran, inulin, 
poly(L-lysine) With modi?ed epsilon-amino groups, poly(L 
glutamic acid), polymers and copolymers of N-substituted 
methacrylamide, and the like. 
As used herein, “effective amount” is an amount suf?cient 

to produce a selected effect. For example, a selected effect 
of a composition containing a cytotoxin as the chemical 
agent could be to kill a selected proportion of IL-2-receptor 
bearing cells, e.g. activated T cells, Within a selected time 
period. An effective amount of the composition Would be the 
amount that achieves this selected result, and such an 
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8 
amount could be determined as a matter of routine by a 
person skilled in the art. 

The compositions of the present invention provide intra 
cellular delivery of a chemical agent capable of eliciting a 
selected effect When delivered into an IL-2-receptor-bearing 
cell. Illustrative embodiments of the composition have a 
formula selected from the group consisting of P—[Ta—L— 
S b—A]C and [A—Sb]d—P—[Ta—L]C, Wherein L is a ligand 
con?gured for binding to an IL-2 receptor on the IL-2 
receptor-bearing cell and stimulating receptor-mediated 
endocytosis of the composition; A is the chemical agent; S 
and T are spacers, Wherein at least S is biodegradable; P is 
a Water soluble polymer having functional groups compat 
ible With forming covalent bonds With the ligand; a and b are 
integers of 0 or 1; c is an integer of at least 1; and d is an 
integer of at least 1. Preferably, c is an integer of 2 to about 
1000. 

The spacers are preferably biodegradable such that the 
chemical agent is detached from the composition by 
hydrolysis and/or enZymatic cleavage inside IL-2-receptor 
bearing cells, e.g. T cells, especially in lysosomes. Once 
detached, the chemical agent diffuses or is transported to 
other locations in the cell Where it can exert its functional 
effect in the cell. Illustrative of such spacers is the peptide 
Gly-Phe-Leu-Gly (SEQ ID NO:21). Equivalent peptide 
spacers are Well knoWn in the art. 

The chemical agent is selected from the group consisting 
of cytotoxins, transforming nucleic acids, gene regulators, 
labels, antigens, drugs, and the like. 
The Water soluble polymer (represented by P in the 

formula above) is preferably a poly(alkylene oxide). Within 
this group of substances are alpha-substituted polyalkylene 
oxide derivatives, such as methoxypolyethylene glycols or 
other suitable alkyl-substituted derivatives, such as those 
containing C1—C4 alkyl groups. Preferably the polymer is a 
monomethyl-substituted PEG homopolymer. Other poly 
(alkylene oxides) are also useful, including other polyeth 
ylene glycol (PEG) homopolymers and derivatives thereof, 
polypropylene glycol homopolymers and derivatives 
thereof, other alkyl-capped polyethylene oxides, bis 
polyethylene oxides, copolymers of poly(alkylene oxides), 
and block copolymers of poly(alkylene oxides) or activated 
derivatives thereof. Other preferred PEGs include branched 
and star PEGs, such as are commercially available from 
ShearWater Polymers, Inc. (Huntsville, Ala.). Y. Gnanou et 
al., 189 Makromol. Chem. 2885 (1988); D. Rein et al., 44 
Acta Polymer. 225 (1993);. E. W. Merrill, US. Pat. No. 
5,171,264; hereby incorporated by reference. In those 
aspects of the invention Where PEG-based polymers are 
used, it is preferred that they have molecular Weights of from 
about 200 to about 50,000. Molecular Weights of about 
2,000 to about 20,000 are preferred, and molecular Weights 
of about 20,000 are particularly preferred. PEG is preferred 
because it is inexpensive, approved by the FDA for admin 
istration to humans, and is resistant to eliciting an antibody 
response. Poly(ethylene oxide) (PEO) is another preferred 
Water soluble polymer represented by P. The coupling of a 
ligand to a chemical agent can be, Without limitation, by 
covalent bond, electrostatic interaction, hydrophobic 
interaction, physical encapsulation, and the like. 
The compositions of the present invention can further 

comprise a carrier selected from the group consisting of 
other Water soluble polymers, liposomes, and particulates. 
Such Water soluble polymers for use as carriers are selected 
from the group consisting of dextran, inulin, poly(L-lysine) 
(PLL) With modi?ed epsilon amino groups, poly(L-glutamic 
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acid) (PGA), polymers and copolymers of N-substituted 
methacrylamide, and the like. A preferred Water soluble 
polymer is a copolymer of N-(2-hydroxypropyl) 
methacrylamide (HPMA). 

Thus, according to the invention, the composition pro 
vides means for preferential binding to an IL-2 receptor, 
such as on activated T cells, thus triggering internaliZation of 
the composition by endocytosis. The chemical agent pro 
vides means for achieving a selected effect in the IL2 
receptor bearing cells. Accordingly, for example, chemical 
agents comprise cytotoxins, including radionuclides, for 
selective killing or disabling of cells; nucleic acids for 
genetically transforming or regulating gene expression in 
cells; drugs or other pharmacologically active agents for 
achieving a selected therapeutic effect; labels, including 
?uorescent, radioactive, and magnetic labels, for permitting 
detection of cells that have taken up the compositions; and 
the like. 

IL-2 is a lymphocyte groWth factor produced by T cells 
that is essential for a normal immune response. Binding of 
IL-2 to the IL-2 receptor precedes internaliZation by 
receptor-mediated endocytosis. The human IL-2 gene has 
been sequenced, T. Taniguchi et al., 302 Nature 305—10 
(1983), hereby incorporated by reference, as has the gene for 
the human IL-2 receptor, W. J. Leonard et al., 311 Nature 
626—31 (1984); T. Nikaido et al., 311 Nature 631—35 (1984); 
D. Cosman et al., 312 Nature 768—71 (1984). The IL-2 
receptor is a heterotrimeric glycoprotein complex on the cell 
membrane With a 55 kDa a subunit, a 75 kDa [3 subunit, and 
a 64 kDa y subunit. The only normal human tissues express 
ing the 0t and [3 subunits are activated T cells, B cells, LGL 
cells, and monocytes and some liver Kupffer cells, 
macrophages, and skin Langerhans’ cells. A. E. Frankel et 
al., 11 Leukemia 22—30 (1997). A variety of hematologic 
neoplasms may shoW high affinity IL-2 receptor expression 
including hairy cell leukemia, adult T cell leukemia, and a 
fraction of cutaneous T cell lymphomas and B cell chronic 
lymphocytic leukemias. Recombinant toxins targeted to the 
IL-2 receptor have been described Wherein the ligand is 
IL-2. A. E. Frankel et al., supra; US. Pat. No. 4,675,382; J. 
vanderSpek et al., 268 J. Biol. Chem. 12077—82 (1993); I. 
Pastan & D. FitZGerald, supra. 

In some embodiments of the present invention, the com 
positions are constructed by chemically conjugating the 
ligand and chemical agent to the Water soluble polymer. 
“Chemically conjugating” the ligand and the chemical agent 
to the Water soluble polymer, as that term is used herein, 
means covalently bonding the ligand and chemical agent to 
each other, preferably by Way of a spacer moiety, and 
conjugating the resulting ligand/ agent conjugate to the Water 
soluble polymer. In particular embodiments, a spacer moiety 
is used to form a linkage betWeen the ligand and the 
chemical agent. 

Peptide portions of the compositions of the present inven 
tion can be produced in a genetically engineered organism, 
such as E. coli, as a “fusion protein.” That is, a hybrid gene 
containing a sequence of nucleotides encoding a ligand, 
spacer, or peptide chemical agent can be constructed by 
recombinant DNA technology. This hybrid gene can be 
inserted into an organism such that the “fusion protein” 
encoded by the hybrid gene is expressed. The fusion protein 
can then be puri?ed by standard methods, including affinity 
chromatography. Peptides containing a ligand, spacer, or 
peptide chemical agent can also be constructed by chemical 
synthesis. Short peptide ligands are generally preferred, both 
because short peptides can be manipulated more readily and 
because the presence of additional amino acids residues, and 
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particularly of substantial numbers of additional amino acids 
residues, may interfere With the function of the peptide 
ligand in stimulating internaliZation of the chemical agent by 
endocytosis. 

Compositions according to the present invention prefer 
ably also further include a protease digestion site, preferably 
in the spacer moiety, situated such that once the composition 
is Within the cell, such as in a lysosome, the chemical agent 
can be separated from the remainder of the composition by 
proteolysis of the digestion site. Such a protease susceptible 
spacer can be added regardless of Whether the peptide 
portions of the composition are synthesiZed chemically or as 
expression peptides in a genetically engineered organism. In 
the latter case, nucleotides encoding the protease susceptible 
spacer can be inserted into the hybrid gene encoding the 
ligand and or a peptide chemical agent by techniques Well 
knoWn in the art. In one illustrative embodiment, the 
protease-susceptible spacer is designed to be cleaved by 
proteolysis in the lysosome of the target cell. The compo 
sition that is internaliZed by endocytosis is packaged in an 
endocytic vesicle, Which is transported to a lysosome. Once 
in the lysosome, the protease-susceptible spacer is cleaved, 
and the chemical agent is then available to be transported to 
the cytoplasm. 

Another aspect of the present invention features a method 
for speci?cally effecting a desired activity in IL-2-receptor 
bearing cells, e.g. activated T lymphocytes, contained in a 
heterogeneous population of cells, by the step of contacting 
the population of cells With a composition, prepared accord 
ing to the present invention, that directs such activity into the 
cells. The compositions of the invention are selectively 
bound to IL-2-receptor-bearing T cells in the mixed 
population, Whereupon endocytosis of the composition into 
such activated T cells is stimulated, and the chemical agent 
effects its activity Within such T cells. 

This application employs, except Where otherWise 
indicated, standard techniques for manipulation of peptides 
and for manipulation of nucleic acids for expression of 
peptides. Techniques for conjugation of oligopeptides and 
oligonucleotides are knoWn in the art, and are described for 
example in T. Zhu et al., 3 Antisense Res. Dev. 265 (1993); 
T. Zhu et al., 89 Proc. Nat’l Acad. Sci. USA 7934 (1992); P. 
Rigaudy et al., 49 Cancer Res. 1836 (1989), Which are 
hereby incorporated by reference. 
As is noted above, the invention features peptides, 

employed as ligands, spacers, and/or chemical agents. The 
peptides according to the invention can be made by any of 
a variety of techniques, including organic synthesis and 
recombinant DNA methods. Techniques for chemical syn 
thesis of peptides are described, for example, in B. Merri 
?eld et al., 21 Biochemistry 5020 (1982); Houghten, 82 
Proc. Nat’l Acad. Sci. USA 5131 (1985); M. BodansZky & 
A. BodansZky, The Practice of Peptide Synthesis (Springer 
Verlag 2d ed., 1994), incorporated herein by reference. 
Techniques for chemical conjugation of peptides With other 
molecules are knoWn in the art. 

A fusion protein according to the invention can be made 
by expression in a suitable host cell of a nucleic acid 
containing an oligonucleotide encoding a ligand and/or 
spacer and/or chemical agent. Such techniques for produc 
ing recombinant fusion proteins are Well-knoWn in the art, 
and are described generally in, e.g., J. Sambrook et al., 
Molecular Cloning: ALaboratory Manual (2d ed., 1989), the 
pertinent parts of Which are hereby incorporated herein by 
reference. Reagents useful in applying such techniques, such 
as restriction endonucleases and the like, are Widely knoWn 
in the art and commercially available from any of several 
vendors. 
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Construction of compositions according to the present 
invention Will noW be described, With particular reference to 
examples in Which a peptide ligand coupled to a biodegrad 
able spacer (SEQ ID NO:21) and a cytotoxic chemical agent, 
adriamycin, are coupled to PEG. 

EXAMPLE 1 

In this example, 7.8 g of branched, 8-arm PEG-COOH (20 
kDa; ShearWater Polymers, Inc., Huntsville, Ala.) and 0.25 
g of p-nitrophenol Were dissolved in 500 ml of anhydrous 
tetrahydrofuran (THF), making the solution 3.6 mM With 
respect to the p-nitrophenol. The solution Was cooled in an 
ice bath, and 0.9341 g of dicyclohexylcarbodiimide (DCC, 
Sigma) in THF Was added to the reaction mixture in 4 
aliquots. The reaction solution Was stirred for 45 minutes in 
the ice bath. The temperature of the reaction solution Was 
then raised to room temperature, and the reaction Was 
continued for 101 hours. The reaction solution Was then 
?ltered through ?lter paper, and the ?ltrate Was concentrated 
by evaporation of the solvent With a rotary evaporator using 
a Water pump. The clear concentrated solution (30 ml) Was 
added to ether (750 ml). The precipitate Was ?ltered, Washed 
in ether, and dried in air. An aliquot of the product Was 
dissolved in 0.1 NaOH, and concentration of the liberated 
p-nitrophenol Was estimated by spectrophotometry at 400 
nm using a molar extinction coef?cient of e=1.8><1041/mol 
cm. The product, PEG-ONp, Was determined to have an 
ONp content of 201.3 ,pmol/g. 
PEG-ONp (0.1628 g, ONp content of 201.3 pmol), pre 

pared as described above, Was dissolved in 2 ml anhydrous 
dimethylformamide (DMF), and 42.4 mg of peptide TT23 
(SEQ ID NO:22) Was added to the solution. About 150 pl of 
triethylamine diluted 1:2 With DMF Was added to the 
reaction mixture three times at 15 minute intervals, and then 
the solution Was stirred for 19 hours at room temperature. 
Next, the reaction solution Was added to cold ether (300 ml), 
and the conjugate precipitates Were ?ltered, Washed With 
200 ml of ether, and dried. Amino acid analysis of the 
conjugate, PEG-T23-OH, shoWed 1 mole of peptide TT23 
incorporated per mole of PEG. 

Adriamycin (7.6 mg, Sigma) and PEG-TT23-OH (85 mg) 
Were dissolved in 2 ml DMF, and solid DCC (14 mg) Was 
added to the solution. The reaction Was carried out for 17 
hours, precipitated With 200 ml ether, ?ltered, and Washed 
With ether. The precipitate Was dried under vacuum and then 
dissolved in PBS buffer. The solution Was dialyZed for 25 
hours With 3 changes of PBS buffer. Adriamycin content of 
the product, PEG-TT23-ADR, Was determined by spectro 
photometry at 490 nm. 

EXAMPLE 2 

Acontrol composition having the formula PEG-Gly-Phe 
Leu-Gly-ADR (hereinafter, “PEG-GFLG-ADR;” SEQ ID 
NO:21) Was prepared according to the procedure of 
Example 1. 

EXAMPLE 3 

A composition having the formula PEG-Gly-Leu-Glu 
Arg-Ile-Leu-Leu-Gly-Phe-Leu-Gly-Adriamycin 
(hereinafter, “PEG-TT7-ADR;” SEQ ID NO:14) Was pre 
pared according to the procedure of Example 1. 

EXAMPLE 4 

A composition having the formula PEG-Gly-Leu-Glu 
His-Ile-Leu-Leu-Gly-Phe-leu-Gly-Adriamycin (SEQ ID 
NO: 15) Was prepared according to the procedure of 
Example 1. 
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EXAMPLE 5 

A composition having the formula PEG-Gly-leu-Gln-His 
Ile-Leu-Leu-Gly-Phe-Leu-Gly-Adriamycin (SEQ ID NO: 
16) Was prepared according to the procedure of Example 1. 

EXAMPLE 6 

Acomposition having the formula PEG-Gly-leu-Asp-His 
Ile-Phe-Leu-Gly-Phe-leu-Gly-Adriamycin (SEQ ID NO: 
17) is prepared according to the procedure of Example 1. 

EXAMPLE 7 

A composition having the formula PEG-Gly-Leu-Asn 
His-Ile-Phe-Leu-Gly-Phe-Leu-Gly-Adriamycin (SEQ ID 
NO:18) is prepared according to the procedure of Example 
1. 

EXAMPLE 8 

A composition having the formula PEG-Thr-Gly-Leu 
Gln-His-Ile-Leu-Leu-Gly-Phe-Leu-Gly-Adriamycin 
(hereinafter, “PEG-TT15-ADR”; SEQ ID NO:19) Was pre 
pared according to the procedure of Example 1. 

EXAMPLE 9 

A composition having the formula PEG-Ser-leu-Gln-His 
Ile-Leu-Leu-Gly-Phe-Leu-Gly-Adriamycin (SEQ ID 
NO:20) is prepared according to the procedure of Example 
1. 

EXAMPLE 10 

A composition having the formula PEG-Gly-leu-Gln-His 
leu-Phe-Leu-Gly-Adriamycin (hereinafter, “PEG-TT1 
3-ADR”; SEQ ID NO:13) Was prepared according to the 
procedure of Example 1. 

EXAMPLE 11 

A composition having the formula PEG-Thr-Gly-Leu 
Asp-Arg-Ile-Leu-Leu-Adriamycin (hereinafter, “PEG 
TT27-ADR”; SEQ ID NO:24) is prepared according to the 
procedure of Example 1. 

EXAMPLE 12 

A composition having the formula PEG-Thr-Gly-Leu 
Asp-Arg-Leu-Leu-Leu-Adriamycin (SEQ ID NO:25) is pre 
pared according to the procedure of Example 1. 

EXAMPLE 13 

A composition having the formula PEG-Thr-Gly-Leu 
Asn-Arg-Leu-Leu-Leu-Adriamycin (SEQ ID NO:26) is pre 
pared according to the procedure of Example 1. 

EXAMPLE 14 

A composition having the formula PEG-Thr-Gly-leu 
Asn-Arg-Ile-Leu-Leu-Adriamycin (SEQ ID NO:27) is pre 
pared according to the procedure of Example 1. 

EXAMPLE 15 

A composition having the formula PEG-Thr-Gly-Leu 
Asp-Arg-Ile-Phe-Leu-Gly-Adriamycin (SEQ ID NO:28) is 
prepared according to the procedure of Example 1. 

EXAMPLE 16 

A composition having the formula PEG-Thr-Gly-Leu 
Asp-Arg-Leu-Phe-Leu-Gly-Adriamycin (SEQ ID NO:29) is 
prepared according to the procedure of Example 1. 
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EXAMPLE 17 

A composition having the formula PEG-Thr-Gly-Leu 
Asn-Arg-Ile-Phe-Leu-Gly-Adriamycin (SEQ ID NO:30) is 
prepared according to the procedure of Example 1. 

EXAMPLE 18 

A composition having the formula PEG-Thr-Gly-Leu 
Asn-Arg-Leu-Phe-Leu-Gly-Adriamycin (SEQ ID NO:31) is 
prepared according to the procedure of Example 1. 

EXAMPLE 19 

The in vitro effects of PEG-TT23-ADR prepared accord 
ing to the procedure of Example 1, PEG-GFLG-ADR pre 
pared according to the procedure of Example 2, and uncon 
jugated adrianycin Were tested on mouse CTLL2 cells 
(AT CC No. TIB214) as folloWs. CTLL-2 cells express the 
IL-2 high affinity receptor. Triplicate samples of 1><105 cells 
each Were mixed With different concentrations of the puri 
?ed compositions in 0.1 ml of culture medium (RPMI 1640, 
10% fetal calf serum) in the Wells of a 96-Well microtiter 
plate (Falcon Microtest 111), and incubated for 48 hours at 
37° C. in a humidi?ed, 5% CO2 atmosphere. Thereafter, cell 
viability Was assessed by a colorimetric method using the 
tetraZolium compound MTS (3-(4,5-dimethylthiaZol-2-yl) 
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H 
tetraZolium, inner salt) and an electron coupling reagent, 
PMS (phenaZine methosulfate). A. J. Cory et al., 3 Cancer 
Commun. 207 (1991); T. L. Riss & R. A. Moravec, 3 Mol. 
Biol. Cell. 184a (Supp.; 1992); T. M. Buttke et al., 157 J. 
Immunol. Methods 233 (1993), hereby incorporated by 
reference. MTS is bioreduced by living cells into a soluble 
formaZan product. The absorbence of the formaZan at 490 
nm can be measured directly from 96 Well assay plates 
Without additional processing. The quantity of formaZan 
product as measured by the absorbence at 490 nm is directly 
proportional to the number of living cells in culture. 
Reagents for the MTS assay Were obtained from Promega 
Corp. (Madison, Wisconsin). According to this method, 20 
pl of MTS/PMS solution (Promega No. G-5421) Was added 
to each Well of the assay plate. The plate Was then further 
incubated at 37° C. in a humidi?ed, 5% CO2 atmosphere for 
4 hours. The absorbence of each Well Was then measured at 
490 nm With an EL311 Microplate Autoreader (Bio-Tek 
Instruments). The mean absorbence for each treatment Was 
then calculated, and the percent cytotoxicity Was determined 
using the formula: 

. As 
% cytotox1ty= (I — —] X 100 

Ac 

Wherein AS represents the mean absorbence for each treat 
ment and AC represents mean absorbence of the control 
treatment, i.e. cells not exposed to a conjugate. 

FIG. 1 shoWs that PEG-TT23-ADR (III) kills such 
CTILL-2 T cells at concentrations much loWer than that 
required for PEG-GFLG-ADR (A) to effect similar levels of 
cytotoxicity. These results shoW that the presence of a ligand 
speci?c for binding to the IL-2 receptor and inducing 
receptor-mediated endocytosis results in much greater cyto 
toxicity than a PEG- and adriamycin-containing conjugate 
lacking such ligand. Thus, a conjugate bearing an IL-2 
receptor speci?c ligand is internaliZed With much greater 
ef?ciency that similar conjugates lacking such a ligand. The 
unconjugated adriamycin control (0) rapidly diffuses into 
the cells and kills them. As expected, the cytotoxicity from 
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14 
PEG-TT23-ADR requires higher concentrations of adriamy 
cin than unconjugated adriamycin due to the requirement 
that PEG-TT23-ADR be internaliZed by endocytosis. 

EXAMPLE 20 

The in vitro effects of IL-2-receptor-targeted conjugates 
on IL-2-induced proliferation of murine splenocytes Was 
examined. 
A sterile splenocyte suspension Was prepared as folloWs. 

Spleens Were aseptically removed from male C57 BIJ 6 mice 
and placed in sterile tissue culture medium (RPMI plus 10% 
fetal calf serum). The spleens Were teased apart and gently 
aspirated using a Pasteur pipet. The resulting spleen cell 
suspension Was then ?ltered through sterile gauZe and 
centrifuged at 150><g for 10 minutes at 20° C. The supernate 
Was discarded, and erythrocytes in the cell pellet Were 
selectively lysed by resuspending the pellet in lysis buffer 
(155 mM NH4Cl, 13.41 mM KHCO3, and 100 mM EDTA 
in dH20). After 30 seconds, an equal volume of tissue 
culture medium Was added to the suspension to restore 
isotonicity. The cell suspension Was again centrifuged at 
150><g for 10 minutes at 20° C., and the resulting cell pellet 
Was Washed once using tissue culture medium. The Washed 
cell pellet Was ?nally resuspended in tissue culture medium, 
and cell density Was adjusted to 5><106 cells/ml. 
To the Wells of a 96Well assay plate (Falcon MICROTEST 

I), 50 pl volumes of the splenocyte suspension Were added. 
Competitor (conjugate) solutions Were prepared and diluted 
in tissue culture medium and added to the Wells of the assay 
plate in 25 pl volumes. To control Wells, 25 pl of tissue 
culture medium Was added. The assay plate Was then incu 
bated for 60 minutes at 37° C. in a humidi?ed atmosphere 
containing 5% CO2 and 95% air. To the Wells of the assay 
plate, 25 pl of either tissue culture medium or a solution 
containing recombinant human IL-2 (Pharmingen) at a con 
centration of 20 ng/ml (in tissue culture medium) Was added. 
The assay plate Was then incubated for 48 hours at 37° C. in 
a humidi?ed atmosphere containing 5% C02 and 95% air. 

Final results Were quantitated as folloWs. Viable cell 
counts Were performed for each separate Well of the assay 
plate using the trypan blue exclusion method. Trypan blue is 
taken up and imparts a blue color to dead cells. Brie?y, an 
aliquot of cells Was tWice diluted in 0.4% trypan blue stain 
(Sigma Chemical Co., St. Louis, Mo.) and incubated for 5 
minutes before counting With a hemacytometer and an 
inverted microscope. The percentage of viable cells Was 
calculated as the number of unstained cells per unit volume 
divided by the total number of stained and unstained cells>< 
100. Cell counts for each duplicate set of Wells Were 
averaged, and cell proliferation Was calculated as percent 
change from control cells using the folloWing formula: 

mean cell count, test 
% Change : 1 X100 

meancell count, control _ 

Percent inhibition of IL-2 induced proliferation Was cal 
culated as folloWs. 

[(% Change?kz) — (% Change 

% Change”,r2 
% Inhibition: +IL*2+C0mpetitor)] X 100 

The materials tested in this example Were PEG-TT23, 
prepared according to the procedure of Example 1 except 
that no adriamycin Was conjugated thereto, and unconju 
gated peptide TT23. 
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The results of conjugate inhibition of IL-2-induced pro 
liferation of murine splenocytes With PEG-TT23-ADR and 
peptide TT23 are shown in FIG. 2. These results shoW that 
PEG-TT23 very effectively inhibits proliferation, Whereas 
about 100-fold more unconjugated peptide TT23 is needed 
to achieve similar levels of inhibition. These results shoW 
that conjugate PEG-TT23 speci?cally binds to the IL-2 
receptor. 

The compositions according to the present invention can 
be employed for targeted delivery of a chemical agent to 
IL-2-receptor-bearing cells, e.g. activated T cells, generally 
by contacting the cells With the composition under condi 
tions in Which binding of the ligand to a receptor stimulates 
endocytosis of the composition into the cells. The chemical 
agent then acts on or Within the targeted cell into Which the 
composition is internaliZed, and the desired effect of the 
active agent can be con?ned to those cells having the 
receptor. 

For example, a composition according to the invention 
can be employed as an effective antitumor agent in vivo for 
killing activated T cells. The composition can also be used 
for treating T-cell-associated diseases and tissue graft rejec 
tion. Such T-cell-associated diseases include arthritis, T-cell 
cancers such as cutaneous T-cell lymphoma, Hodgkin’s 
disease, non-Hodgkin’s lymphoma, skin cancers, psoriasis, 
graft rejection disease, multiple sclerosis, Type II diabetes 
mellitus, and diseases resulting from HIV infection. 
Preferably, the composition is administered to the subject by 
systemic administration, typically by subcutaneous, 
intramuscular, or intravenous injection, or intraperitoneal 
administration, Which are methods Well knoWn in the art. 
Injectable preparations for such use can be made in conven 
tional forms, either as a liquid solution or suspension or in 
a solid form suitable for preparation as a solution or sus 
pension in a liquid prior to injection, or as an emulsion. 
Suitable excipients include, for example, Water, saline, 
dextrose, glycerol, ethanol, and the like; and if desired, 
minor amounts of auxiliary substances such as Wetting or 
emulsifying agents, buffers, and the like may be added. 
Effective amounts of such compositions can be determined 
by those skilled in the art Without undue experimentation 
according to the guidelines provided herein. 

The composition can be contacted With the cells in vitro 
or in vivo. The T cells constitute a subpopulation of a mixed 
population of cell types; the ligand according to the inven 
tion can provide for endocytosis of the conjugate into T cells 
and possibly into a small proportion of other cells having a 
closely related receptor. 

The chemical agent can have any of a variety of desired 
effects in the targeted cells. As mentioned above, in some 
particularly useful embodiments the chemical agent is effec 
tive on a cell only When, or principally When, the agent is 
internaliZed into the cell. 

EXAMPLE 21 
Treatment of Collagen-Induced Arthritis (CIA) 

Collagen-induced arthritis (CIA) is a reliable model for 
pre-clinical testing of neW immunomodulatory drugs for 
rheumatic diseases. CIA is induced in genetically suscep 
tible mice by immuniZation With heterologous type II col 
lagen (CII). The severity of CIA re?ects the level of autore 
active T cells sensitiZed to CII, the production of CH 
reactive autoantibody and the release in joint tissues of a 
variety of pro-in?ammatory cytokines and chemokines. 
Treatment protocols that interfere With the T cell activation 
step inhibit CIA. 

In this example, activated T cells Were targeted With 
PEG-TT23-ADR, Which has been shoWn to speci?cally bind 
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16 
to the IL-2 receptor (Example 20). The IL-2 receptor is only 
expressed by activated T cells. Thus, resting T cells are 
spared, and the intracellular toxic effects of the ADR 
conjugate are directed to CII-reactive T cells. 

B10.RIII mice Were injected With CII (200 pg) emulsi?ed 
With complete Freund’s adjuvant (CPA; 200 pg H37Ra). At 
day 21, mice Were boosted With 100 pg of CII, randomiZed 
for CIA severity (13/group), and an alternate day treatment 
protocol Was begun. This secondary boost with C11 is knoWn 
to cause a rapid precipitation of arthritis onset. After such a 
secondary boost, B10.RIII mice shoW a very rapid onset of 
arthritis and very severe disease With a >90% incidence. Test 
groups received by ip injection: (A) PEG-TT23-ADR (2 
mg/kg); (B) PEG-GFLG-ADR (2 mg/kg); (C) PBS (vehicle 
control). Mice Were observed for 84 days for arthritis 
severity and Weight changes. 

Group B shoWed a signi?cant Weight loss of about 
10%:8% as compared to Group C (about 5%:5%) P20.04, 
that Was not evident in Group A mice (about 3%:6%) 
P20.26. Distribution curves of the cumulative daily arthritis 
scores revealed signi?cant differences (P20.02) among the 
3 groups. Importantly, Group Amice shoWed a signi?cantly 
greater number of mice With only minimum arthritis as 
compared to the normally severe disease found in the 
majority of PBS control mice (P20.02). 

Several potentially bene?cial drugs for rheumatoid arthri 
tis are contra-indicated by toxicity at required dosages. 
These data suggest that delivering a speci?c therapeutic 
agent only to the particular subset of lymphocytes directly 
involved in disease pathology may alloW effective therapy to 
be accomplished at loWer, more tolerable dosages. 

EXAMPLE 22 

A method of treating T cell lymphoma in a human 
comprises (a) providing a composition according to the 
present invention, such as PEG-TT23-ADR (SEQ ID 
NO:22), Wherein the chemical agent is a cytotoxin, and (b) 
systemically administering an effective amount of the com 
position to an individual. An effective amount of the com 
position is systemically administered to the individual such 
that the composition enters the bloodstream and contacts T 
cells. The composition binds to an IL-2 receptor on the T 
cells and stimulates internaliZation of the composition by 
endocytosis. The biodegradable spacer is digested by intra 
cellular proteases, releasing the adriamycin. The adriamycin 
then kills the cell by intercalating With DNA in the cell. This 
procedure reduces the number of malignant T cells in the 
body of the individual, thereby having a positive effect in 
treatment of the disease. 

EXAMPLE 23 

Alterations in the immune status of patients With various 
cancers results in release of soluble IL2 receptors (sIL-2R) 
in circulation. The sIL2R levels in T-cell lymphocytic 
leukemia, T-cell acute lymphoblastic leukemia, and periph 
eral T-cell lymphoma are an indication of the degree of 
T-cell or immune activation due to concomitant immuno 
logic processes in these disorders. S. RaZiuddin et al., 73 
Cancer 2426—2431 (1994). Further, sIL-2R levels remain 
elevated in Hodgkin’s disease and non-Hodgkin’s lym 
phoma patients, even at the stage of minimal residual disease 
after intensive chemotherapy or radiotherapy. M. Kandefer 
SZenrZen et al., 45 Arch. Immunol. Ther. Exp. (WarsZ) 
443—448 (1997). Therefore, detection of elevated levels of 
sIL-2R in circulation can be used as a diagnostic assay for 
such cancers. 
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In this example, compositions according to the present 
invention are used for detecting sIL-2R in circulation 
according to methods Well knoWn in the art. Peptides that 
bind to sIL-2R are used in modi?ed ELISA or RIA assays for 
detecting such sIL-2R in circulation. The peptides are 
labeled With an enZyme or With a radiolabel. The labeled 

18 
peptide is then mixed With a sample, such as a serum sample, 
and the miXture is incubated under conditions suitable for 
binding of the peptide to the sIL-2R to form a compleX. This 
complex is then detected by colorimetric, ?uorometric, 
radiometric, or similar assay. Elevated levels of circulating 
sIL-2R indicates the presence of cancer. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: 47 

<2 10> SEQ ID NO: 1 
<2ll> LENGTH: 6 
<2 12> TYPE: PRT 

<2 13> ORGANISM: Homo sapiens 

<400> SEQUENCE: 1 

Leu Glu His Leu Leu Leu 
1 5 

<2 10> SEQ ID NO: 2 
<2ll> LENGTH: 6 
<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Found in HTLV-III, this sequence exhibits 
similarity to a sequence found in human IL-2 . 

<400> SEQUENCE: 2 

Leu Glu Arg Ile Leu Leu 
1 5 

<2 10> SEQ ID NO: 3 
<2ll> LENGTH: 6 
<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

<400> SEQUENCE: 3 

Leu Glu Arg Leu Leu Leu 
1 5 

<2 10> SEQ ID NO: 4 
<2ll> LENGTH: 6 
<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

<400> SEQUENCE: 4 

Leu Asp Leu Leu Phe Trp 
l 5 

<2 10> SEQ ID NO: 5 

<2ll> LENGTH: 6 

<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

<400> SEQUENCE: 5 

Leu Asp Leu Leu Phe Leu 

1 5 
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-continued 

SEQ ID NO: 6 
LENGTH: 6 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 6 

Leu Asp Ile Leu Phe Leu 
1 5 

SEQ ID NO: 7 
LENGTH: 6 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 7 

Leu Gln His Leu Phe Leu 
1 5 

SEQ ID NO: 8 
LENGTH: 6 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 8 

Leu Glu His Ile Leu Leu 
1 5 

SEQ ID NO: 9 
LENGTH: 6 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 9 

Leu Gln His Ile Leu Leu 
1 5 

SEQ ID NO: 10 
LENGTH: 6 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: l0 

Leu Asp His Ile Phe Leu 
1 5 

SEQ ID NO: 11 
LENGTH: 6 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 
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-continued 

<400> SEQUENCE: ll 

Leu Asn His Ile Phe Leu 
1 5 

<2 10> SEQ ID NO: 12 
<2ll> LENGTH: 6 
<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

<400> SEQUENCE: l2 

Gln His Leu Phe Leu Gly 
l 5 

<2 10> SEQ ID NO: 13 
<2ll> LENGTH: 8 
<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

<400> SEQUENCE: l3 

Gly Leu Gln His Leu Phe Leu Gly 
l 5 

<2 10> SEQ ID NO: 14 
<2ll> LENGTH: 11 

<2 12> TYPE: PRT 
<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

<400> SEQUENCE: l4 

Gly Leu Glu Arg Ile Leu Leu Gly Phe Leu Gly 
l 5 l0 

<2 10> SEQ ID NO: 15 
<2ll> LENGTH: 11 
<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

<400> SEQUENCE: l5 

Gly Leu Glu His Ile Leu Leu Gly Phe Leu Gly 
l 5 l0 

<2 10> SEQ ID NO: 16 
<2ll> LENGTH: 11 

<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

<400> SEQUENCE: l6 

Gly Leu Gln His Ile Leu Leu Gly Phe Leu Gly 
l 5 l0 

<2 10> SEQ ID NO: 17 
<2ll> LENGTH: 11 
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-continued 

<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

<400> SEQUENCE: l7 

Gly Leu Asp His Ile Phe Leu Gly Phe Leu Gly 
l 5 l0 

<2 10> SEQ ID NO: 18 
<2ll> LENGTH: 11 

<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

<400> SEQUENCE: l8 

Gly Leu Asn His Ile Phe Leu Gly Phe Leu Gly 
l 5 l0 

<2 10> SEQ ID NO: 19 
<2ll> LENGTH: 12 
<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

<400> SEQUENCE: l9 

Thr Gly Leu Gln His Ile Leu Leu Gly Phe Leu Gly 
l 5 l0 

<2 10> SEQ ID NO: 20 
<2ll> LENGTH: 11 
<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

<400> SEQUENCE: 2O 

Ser Leu Gln His Ile Leu Leu Gly Phe Leu Gly 
l 5 l0 

<2 10> SEQ ID NO: 21 
<2ll> LENGTH: 4 
<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: biodegradable spacer sequence 

<400> SEQUENCE: 21 

Gly Phe Leu Gly 
1 

<2 10> SEQ ID NO: 22 
<2ll> LENGTH: 12 
<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

<400> SEQUENCE: 22 

Thr Gly Leu Asn Arg Ile Leu Leu Gly Phe Leu Gly 
l 5 l0 
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-continued 

SEQ ID NO: 23 
LENGTH: 12 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 23 

Thr Gly Leu Asn Arg Leu Leu Leu Gly Phe Leu Gly 
l 5 l0 

SEQ ID NO: 24 
LENGTH: 8 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 24 

Thr Gly Leu Asp Arg Ile Leu Leu 
1 5 

SEQ ID NO: 25 
LENGTH: 8 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 25 

Thr Gly Leu Asp Arg Leu Leu Leu 
1 5 

SEQ ID NO: 26 
LENGTH: 8 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 26 

Thr Gly Leu Asn Arg Leu Leu Leu 
1 5 

SEQ ID NO: 27 
LENGTH: 8 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 27 

Thr Gly Leu Asn Arg Ile Leu Leu 
1 5 

SEQ ID NO: 28 
LENGTH: 9 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 
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-continued 

SEQUENCE: 28 

Thr Gly Leu Asp Arg Ile Phe Leu Gly 
l 5 

SEQ ID NO: 29 
LENGTH: 9 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 29 

Thr Gly Leu Asp Arg Leu Phe Leu Gly 
l 5 

SEQ ID NO: 30 
LENGTH: 9 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 3O 

Thr Gly Leu Asn Arg Ile Phe Leu Gly 
l 5 

SEQ ID NO: 31 
LENGTH: 9 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 31 

Thr Gly Leu Asn Arg Leu Phe Leu Gly 
l 5 

SEQ ID NO: 32 
LENGTH: 7 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 32 

Gly Leu Asn Arg Ile Leu Leu 
1 5 

SEQ ID NO: 33 
LENGTH: 6 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 33 

Leu Asp Arg Ile Leu Leu 
1 5 

SEQ ID NO: 34 
LENGTH: 7 
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-continued 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 34 

Gly Leu Asp Arg Leu Leu Leu 
1 5 

SEQ ID NO: 35 
LENGTH: 6 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 35 

Leu Asp Arg Leu Leu Leu 
1 5 

SEQ ID NO: 36 
LENGTH: 7 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 36 

Gly Leu Asn Arg Leu Leu Leu 
1 5 

SEQ ID NO: 37 
LENGTH: 6 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 37 

Leu Asn Arg Leu Leu Leu 
1 5 

SEQ ID NO: 38 
LENGTH: 7 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 38 

Gly Leu Asn Arg Ile Leu Leu 
1 5 

SEQ ID NO: 39 
LENGTH: 6 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 39 

Leu Asn Arg Ile Leu Leu 
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-continued 

5 

SEQ ID NO: 40 
LENGTH: 8 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 4O 

Gly Leu Asp Arg Ile Phe Leu Gly 
l 5 

SEQ ID NO: 41 
LENGTH: 7 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 41 

Leu Asp Arg Ile Phe Leu Gly 
l 5 

SEQ ID NO: 42 
LENGTH: 8 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 42 

Gly Leu Asp Arg Leu Phe Leu Gly 
l 5 

SEQ ID NO: 43 
LENGTH: 7 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 43 

Leu Asp Arg Leu Phe Leu Gly 
l 5 

SEQ ID NO: 44 
LENGTH: 8 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 
human IL-2 . 

SEQUENCE: 44 

Gly Leu Asn Arg Ile Phe Leu Gly 
l 5 

SEQ ID NO: 45 
LENGTH: 7 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Exhibits sequence similarity to a portion of 






